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Fig. S1. Purification and verification of the photosynthetic ACIII. (A) SDS-PAGE  
(left) and blue native PAGE (right) of the ACIII purified from R. castenholzii. (B)  
Representative gel-filtration chromatography of ACIII. The chromatography diagram of  
absorption at 416 nm (green) and 280 nm (purple) of the ACIII is shown. (C) Spectral  
analysis of the purified ACIII. The air-oxidized (green) ACIII shows an absorption peak at  
413 nm, and dithionite-reduced (red) ACIII exhibited a red shift of the peak to 420 nm,  
and two additional absorption peaks at 524 nm and 554 nm. (D) The reduced-minus- 





Fig. S2. Cryo-EM single particle analysis of the air-oxidized R. castenholzii ACIII.  
(A) Representative raw particles from an original micrograph. (B) Representative  
reference-free 2D class averages of the ACIII particles. (C) Resolution estimation of the  
refined model. The gold-standard FSC curve between two independent maps and the FSC  
curve between independent phase-randomized maps are shown in red and green,  
respectively. The FSC curve between the map and the final refined model is shown in  




Fig. S2. Cryo-EM single particle analysis of the air-oxidized R. castenholzii ACIII.  
(E) Data processing of the air-oxidized ACIII. A total of 1,700 micrographs were  
manually selected from 2,360 micrographs. Auto-picked particles (257,815) were  
subjected to three rounds of 2D classification using a template obtained from 600  
 
manually picked particles. In total, 197,496 particles were then selected from 2D class  
averages with more high-resolution features for 3D classification. After two rounds of 3D  
classification, 177,489 particles from the classes with better overall features were used for  
further 3D refinement. The resolution of reconstruction was improved from 3.45 Å to 3.24  
Å by CTF refinement in RELION 3.0.  
  




Fig. S3. Fit of the ACIII model in the representative densities. EM density maps and 
atomic model are shown for all 23 transmembrane helices from subunits ActA (lime 





Fig. S4. Model-docked densities of the cofactors and lipid molecules. (A) Six heme 
groups from subunit ActA, and ActE. (B) Four iron-sulfur clusters and surrounding amino 
acids. (C) Lipid anchor at the N-terminus of ActB subunit. (D) Lipid anchor at the N-
terminus of ActE subunit. (E) Representative lipid molecules found in the EM map. 
                                                 
 
 
Fig. S5. Cryo-EM single particle analysis of the dithionite-reduced ACIII. (A) 
Representative raw particles from an original micrograph. (B) Representative reference-
free 2D class averages of the dithionite-reduced ACIII particles. (C) Resolution estimation 
of the refined model. The gold-standard FSC curve between two independent maps and 
the FSC curve between independent phase-randomized maps are shown in red and green, 
respectively. The FSC curve between the map and the final refined model is shown in 




Fig. S5. Cryo-EM single particle analysis of the dithionite-reduced ACIII. (E) Data 
processing of the dithionite-reduced ACIII. Unscreened micrographs (1970) were 
subjected to 3D-reference-based auto-picking in RELION3; reconstruction of the ACIII 
data-set was the 3D-reference lowpass filtered to 20 Å. The resulting 488,581 particles 
 
were used for two rounds of 2D classification: 297,122 particles were selected for 3D  
refinement and alignment-free 3D classification, and 219,913 particles from the best 3D- 
class were re-extracted without down-scaling. The following 3D refinement and post- 
processing yielded an EM-map with a resolution of 3.68 Å. CTF refinement and another  
alignment-free 3D classification improved the resolution to 3.51 Å and 3.46 Å  
respectively. The final sub-set had 207,633 particles.  
   
  
  
Fig. S6. The heme and iron-sulfur clusters in ActA and ActB subunits. (A)  
Superimposition of six hemes and four iron-sulfur clusters in ActA and ActB with that of  
R. marinus (PDB 6f0k, white) and F. johnsoniae (PDB 6btm, pink). (B) Sequence  
alignment of the heme binding motifs in R. castenholzii ActA and ActE subunits with that  
of C. aurantiacus, R. marinus, and F. johnsoniae. The classical C-X-X-C-H heme binding  
motifs are colored green in ActA and yellow orange in ActE subunit, the His/Met residues  
that immobilize the heme iron ions are labelled by black arrows. The lipobox sequence in  
ActE is highlighted by an orange box. (C) Localization of heme_1 at the interface between  
ActA (lime green), ActB (slate), ActC (wheat), ActD (violet), and ActE (yellow orange)  
 
subunits.  (D) Alignment of R. castenholzii ActB sequences that coordinate iron-sulfur  
clusters with that of C. aurantiacus, R. marinus, and F. johnsoniae. The cysteine residues  
that coordinate the iron sulfur clusters are colored in magenta and labelled by black  
arrows.   
   
 
 
Fig. S7. Structure analyses of ActB subunit and the menaquinol binding pocket in 
ACIII and PsrC. (A) Superimposition of ActB with the PsrA and PsrB subunit of 
polysulfide reductase (PsrABC) from Thermus thermophilus (PDB 2vpx, white). The B1 
and B2 domains are colored in blue and magenta, respectively. (B) Superimposition of B1 
domain (blue) with the PsrA subunit of PsrABC (PDB 2vpx, white). The cofactor Mo and 
 
[4Fe-4S] bound in PsrA are shown as spheres, the bis-MGD is shown as green sticks. (C)  
Superimposition the structure of R. castenholzii ActC (wheat) and ActF (aquamarine)  
subunits with the PsrC dimer (PDB 2vpx, yellow). The residues that form the quinone  
binding pocket and putative proton translocation channel of PsrC are shown in stick  
models. (D) The quinone binding pocket of Thermus thermophilus PsrC bound with MK-7  
(PDB 2vpw, blue stick), the 4Fe-4S and amino acids that form the quinone binding pocket  
are shown in stick models. (E) and (F) The menaquinol binding pocket of R. marinus (E,  




                                                 
 
Fig. S8. Structure-based sequence alignment of ActC subunit. Sequence alignment of  
ActC subunit from R. castenholzii with that of photosynthetic and respiratory ACIII. The  
secondary structures depiction of R. castenholzii ActC are shown at the top. The amino  
acids constitute the putative menaquinol binding pocket and proton translocation passages  
are indicated with blue and green triangles, that are essential for mediating the redox- 





Fig. S9. Structure-based sequence alignment of ActF subunit. Sequence alignment of  
ActF subunit from R. castenholzii with that of photosynthetic and respiratory ACIII. The  
secondary structures depiction of R. castenholzii ActF are shown at the top. The amino  
acids constitute the putative proton translocation passages are indicated with aquamarine  
triangles, the essential middle passage residues are highlighted with red stars. The region  
in ActF that interacts with the ActD subunit is shown in a violet box with a dashed line.  
  
  
Fig. S10. Structure-based sequence alignment of ActD and its interaction with other  
subunits. (A) Interaction of the periplasmic loop that connects the two TMs of ActD with  
ActA (lime green), ActB (slate), ActC (wheat) and ActF (aquamarine). The key amino  
acids that are mediating the interactions are shown in stick models. (B) Zoomed in view of  
the interactions between ActD and ActA, ActB, ActC, and ActF subunits. The residues  
involved in the interaction network, heme_1 group and [3Fe-4S] cluster are shown as stick  
models. (C) Sequence alignment of R. castenholzii ActD subunit with those of  
 
photosynthetic and respiratory ACIII. The secondary structure depiction of R. castenholzii  
ActD is shown at the top. The amino acids involved in interacting with other subunits are  
labeled with violet triangles, and Glu118 that forms hydrogen bonds with Ser244C is  
indicated with a red star. 
 
Table S1. Peptide mass fingerprinting (PMF) analysis of each subunit of the R.  
castenholzii ACIII that are separated by SDS-PAGE.  
Subunit Accession Description Score Coverage 
ActA WP_041330382.1 
cytochrome c3 family protein 









Polysulfide reductase NrfD 



































Table S2. Peptide mass fingerprinting (PMF) analysis of the R. castenholzii ACIII  
that are represented by blue native gel.  
Accession Description Score Coverage 
WP_041330382.1 























 [Roseiflexus castenholzii] 
66.36 20.53% 
  
  
